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Lepton Flavor Violating (LFV) decays are forbidden in the Standard Model (SM) and to
explore them one has to go beyond it. The flavor changing neutral current induced Lepton
Flavor Conserving and LFV decays of K and B mesons are discussed in the gauge group
G = SU(2)L×U(1)Y1 ×SU(2)X . The lepto-quark X
±2/3
µ corresponding to gauge group
SU(2)X allows the quark-lepton transitions and hence giving a framework to construct
the effective Lagrangian for the LFV decays. The mass of lepto-quarkmX provides a scale
at which the gauge group G is broken to the SM gauge group. Using the most stringent
experimental limit B(K0L → µ
∓e±) < 1.7 × 10−12, the upper bound on the effective
coupling constant (GX
GF
)2 < 1.1×10−10 is obtained for certain pairing of lepton and quark
generations in the representation (2, 2¯) of the group G. Later, the effective Lagrangian for
the LFV meson decays for the gauge group G =
[
SU(2)L × SU(2)R × U(1)Y ′1
]
×SU(2)X
is constructed. Using B(K− → pi−νν¯) = (1.7 ± 1.1) × 10−10, the bound on the ratio
of effective couplings is obtained to be
(
GX
GF
)
2
< 10−10. A number of decay modes are
discussed which provide a promising area to test this model in the current and future
particle physics experiments.
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1. Introduction
The Standard Model is one of the most successful models of the second half of
the last century. It was well established experimentally even before the discov-
ery of the Higgs boson. Finally with the discovery of the Higgs boson with mass
125.09± 0.21(stat.)± 0.11(syst.) GeV, in 2012 at the Large Hadron Collider (LHC)
at the CERN, all of the contents of the SM are complete. Though the SM has
some landmark successes, still it is not a complete theory. It is well known that the
1
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masses of all the particles are set through their interaction with the Higgs field or
in some sense with Higgs boson. Compared to the Planck mass (1019 GeV) which is
the fundamental unit of mass in the theory of gravitation, the electroweak scale is
orders of magnitude smaller and this is called the ”hierarchy problem”. The physics
beyond the SM, commonly known as new physics (NP) may be revealed in the
region between the electroweak unification scale 260 GeV and the Planck mass.
In the Standard Model (SM), lepton and baryon numbers are conserved; ∆L = 0,
∆B = 0. No process with ∆Le 6= 0, ∆Lµ 6= 0 and ∆Lτ 6= 0 is allowed in the SM.
The left-handed weak currents are coupled to the gauge vector boson W+µ in the
SM
J+µ (leptons) = (ν¯e, ν¯µ, ν¯τ )γ
µ(1− γ5)

 eµ
τ

 = ν¯eγµ(1 − γ5)e+ · · · ,
J+µ (quarks) = (u¯, c¯, t¯)γ
µ(1− γ5)V

ds
b

 = u¯γµ(1− γ5)(Vudd+ Vuss+ Vubb) + · · · ,
where V is the Cabibbo-Kobayashi-Maskawa (CKM) matrix. Thus unlike the quark
sector, where the flavor changing weak decays are allowed, in the lepton sector the
lepton flavor changing decays are forbidden. The weak neutral currents for quark
level transitons are flavor conserving in the SM and the flavor-changing-neutral-
currents (FCNC) induced weak decays are not allowed at tree level in the SM.
These decays are highly suppressed due to the Glashow-Iliopoulos-Maiani (GIM)
mechanism and can only occur through loop diagrams in the SM. During last couple
of years, the LHCb collaboration has measured a number of angular observables in
different B decays, especially in B → K∗µ+µ− decays. A discrepancy of 3σ is
reported in the famous P ′5 asymmetry observable
1,2. In case of B → K∗µ+µ−
decays, there are the tensions between the measured and calculated values of decay
rate in the SM 3. In addition, the LHCb collaboration has determined the ratio
of the branching fractions of the B+ → K+µ+µ− and B+ → K+e+e− to be
RK = 0.745
+0.090
−0.074(stat)± 0.036(syst) in the dilepton invariant mass squared range
of 1 − 6 GeV2 4,5. In the SM, there is a Lepton flavor Universality (LFU) i.e.,
RK = 1, so this LHCb measurement of RK deviates from the SM value by 2.6σ.
Even the measured value of the decay rate of Bs → φµ+µ− is less than the SM
predictions by 3σ 6. It is worth emphasizing that all the anomalies observed in the
decays induced by the FCNC transitions are lepton flavor conserving in the SM.
In the SM the neutrinos are massless and this leads to the conservation of lepton
number for each generation. However, the non-zero mass of neutrinos that is estab-
lished through the observations of neutrino oscillation has provided evidence of the
lepton number violation in the SM. In 2015, the CMS collaboration 7 has measured
the branching ratio of LFV Higgs decay h→ τµ to be B(h→ τµ) = 0.84+0.39−0.37 which
deviates by 2.6σ from the SM value. This has triggered a lot of interest in the LFV
decays of leptons e.g. ℓi → ℓjγ, ℓi → ℓj ℓ¯kℓk along with the different LFV decays of
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B and K mesons and there exists a number of new physics (physics beyond SM)
studies on these decays 8. The direct hint of the LFV decays is still missing in the
experiments, however, we have upper bounds on some of these decays 9.
One of the possible way to reveal the new physics (NP) in between the elec-
troweak unification scale 260 GeV and the Planck mass is to extend the weak
unification group to a higher group, where the extra vector boson in the extended
group would provide the intermediate scale. In this paper, we consider the exten-
sion of group SU(2)L×U(1)Y to SU(2)L×U(1)Y1 ×SU(2)X to explore the lepton
flavor violating weak decays. After formulating the model with this extended gauge
group the Lagrangian for the LFV leptonic and semileptonic decays of K and B
mesons will be worked out. In the second part (Section 3), the extension of left-right
symmetric gauge model to the gauge group SU(2)L × SUR(2) × U ′Y1(1)× SU(2)X
is considered. After developing the model, its phenomenological consequences in
lepton flavor conserving and violating K and B decays will be discussed. Finally,
the Section 4 summaries the main results of this study.
2. Gauge Group SU(2)L × U(1)Y1 × SU(2)X
The contents of gauge group SU(2)L × U(1)Y1 × SU(2)X are:
• SU(2)L: The triplet of gauge bosons (W±µ , W 0µ) belong to the adjoint
representation of SU(2)L and the corresponding gauge coupling is g.
• U(1)Y1 : B1 µ is singlet and the coupling constant is g1.
• SU(2)X : The gauge bosons triplet (X±2/3µ , X0µ) belong to the adjoint
representation of SU(2)X and the coupling constant is gX . For lepto-quarks
Q =
(
0 1
−1 0
)
+ iτ2
B−L
2 =
(
0 2/3
−2/3 0
)
.
The lepton
(
νi
ℓi
)
L
and quark
(
uai
d′ai
)
L
are the doublets of SU(2)L with hyper-
charge Y1 = 0 and Y1 = − 23 , respectively. We note that for quarks B−L = −2/3 =
Y1. The two doublets belonging to fundamental representation 2¯ of SU(2)X are
(νi, u
a
i )L and (li, d
′a
i )L, where i and a are the flavor the color indices, respectively.
Thus, the leptons and quarks can be written in the multiplet form
Ψ = SU(2)L
y
SU(2)X←−−−−−−−(
νi ui
ei d
′
i
)
L
, (1)
where the index a is suppressed and the hypercharge Y1 is 0 and − 23 for the leptons
and quarks, respectively. The lepto-quarks X
±2/3
µ carry both the lepton and baryon
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numbers; ∆B = 1, ∆L = −1, ∆(B + L) = 0. The total charge Q is given by
Q = I3L + I3X +
Y1
2
≡ I3L + Y
2
, (2)
with Y = 2I3X + Y1. The hypercharge for the right handed singlets is
Y1 =


−2 en,
4/3 un,
−2/3 dn.
(3)
It is to recall that only the left-handed neutrinos, νi’s are present in this model.
2.1. Interaction Lagrangian
It is straight forward to write the Lagrangian for which the interaction part is given
by
Lint = −
[
ψ¯kαγ
µ(g~τ. ~Wµ + g1Y1B1µ)
n
kψ
α
n − ψ¯kαγµgX(~τ . ~Xµ)αβψβk
]
− g1
2
[− 2ℓ¯iRγµℓiR + 4
3
u¯iRγ
µuiR − 2
3
d¯iRγ
µdiR
]
B1 µ, (4)
where the indices (α , β) and (k, n) correspond to the gauge groups SU(2)X and
SU(2)L, respectively. In the elaborated form, Eq. (4) takes the form
Lint = −
[
(ν¯i, ℓ¯i)Lγ
µ
(
gW 0µ
√
2gW+µ√
2gW−µ −gW 0µ
)(
νi
ℓi
)
L
+(u¯i, d¯
′
i)Lγ
µ
(
gW 0µ − 23g1B1 µ
√
2gW+µ√
2gW−µ −gW 0µ − 23g1B1 µ
)(
ui
d′i
)
L
−(ν¯i, u¯i)Lγµ
(
gXX
0
µ
√
2gXX
−2/3
µ√
2gXX
2/3
µ −gXX0µ
)(
νi
ui
)
L
+(ℓ¯i, d¯
′
i)Lγ
µ
(
gXX
0
µ
√
2gXX
−2/3
µ√
2gXX
2/3
µ −gXX0µ
)(
ℓi
d′i
)
L
]
−g1
2
[
(−2ℓ¯iRγµℓiR + 4
3
u¯iRγ
µuiR − 2
3
d¯iRγ
µdiR)
]
B1 µ. (5)
From Eq. (5), the part of Lagrangian that describe the interaction between fermions
and charged gauge bosons can be written as
Lint(Charged) = − g
2
√
2
[
(ν¯iΓ
µ
Lℓi + u¯iΓ
µ
Ld
′
i)W
+
µ + h.c
]
+
gX
2
√
2
[(
ν¯iΓ
µ
Lui + ℓ¯iΓ
µ
Ld
′
i
)
X−2/3µ + h.c
]
, (6)
where ΓµL = γ
µ(1−γ5). Similarly, the neutral part of Lagrangian given in Eq. (5) is
Lint(Neutral) = −g sin θWJµemAµ −
g
cos θW
JµZZµ −
gX√
1− g′2/g2X
JµZ′Z
′
µ (7)
May 2, 2018 0:22 WSPC/INSTRUCTION FILE 10-4-18-IJMPA-R2
Lepton Flavor Violating Decays of B and K Mesons in Models with Extended Gauge Group 5
with electromagnetic current
Jµem = −ℓ¯iγµℓi +
2
3
u¯iγ
µui − 1
3
d¯iγ
µdi, (8)
and the weak neutral currents are
JµZ =
1
4
[
(u¯iΓ
µ
Lui + d¯iΓ
µ
Ldi − ℓ¯iΓµLℓi + ν¯iΓµLνi − 4 sin2 θWJµem)
]
,
JµZ′ =
1
4
[
(−u¯iΓµLui − d¯iΓµLdi + ℓ¯iΓµLℓi + ν¯iΓµLνi)
− g
′2
g2X
(− 4Jµem + u¯iΓµLui − d¯iΓµLdi + ν¯iΓµLνi − ℓ¯iΓµLℓi)]. (9)
In order to obtain Lint(Neutral) in the final form, we have used the following rela-
tions between neutral vector bosons W 0µ , X
0
µ, B1 µ and the physical neutral vector
gauge bosons Aµ, Zµ, Z
′
µ:
gW 0µ = eAµ + g cos θWZµ,
gXX
0
µ = eAµ −
g
cos θW
sin2 θWZµ − gX√
1− g′2
g2X
(
1− g
′2
g2X
)
Z ′µ,
g1B1 µ = eAµ − g
cos θW
sin2 θWZµ +
gX√
1− g′2
g2X
Z ′µ. (10)
The electromagnetic and gauge couplings are related by
1
g′2
=
1
g21
+
1
g2X
,
e
g
= sin θW ,
e
g′
= cos θW . (11)
In order to generate the masses for differetn gauge bosons, the gauge group
SU(2)L ×U(1)Y1 × SU(2)X is spontaneously broken to the group SU(2)L ×UY (1)
by introducing a scalar doublet η that is 2¯ of SU(2)X but singlet under SU(2)L :
η = (η0, η2/3),
Y1 = (1,
1
3
),
Q = I3 +
Y1
2
, Qη0 = 0, Qη2/3 = 2/3. (12)
The interaction Lagrangian of the scalar doublet η is
Lint(η) = −1
2
[
∂µη − i
2
gXη
−→τX .−→Xµ + i
2
g1ηB
µ
1 −
i
3
g1η
2/3Bµ1
]
×
[
∂µη¯ +
i
2
gX
−→τX .−→Xµη¯ − i
2
g1B1µη¯ +
i
3
g1B1µη
−2/3
]
. (13)
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For spontaneous symmetry breaking, η can be written in the form:
η = (η0, η2/3) =
(
v′ +HX + ihX√
2
, η2/3
)
→
(
v′ +HX√
2
, 0
)
.
It can be noticed that the scalars η2/3 and hX have been absorbed to give masses
to X
±2/3
µ and Z ′ respectively. The mass term for the vector boson is given by
Mass-term = −1
4
(
v′ +HX√
2
, 0
)(
gX
−→τX .−→Xµ + g1Bµ1
)(
gX
−→τX .−→Xµ + g1B1µ
)( v′+HX√
2
0
)
= −1
4
(
v′ +HX√
2
)2 [
2g2XX
+2/3µX−2/3µ +
g2X
1− g′2
g2X
Z ′µZ ′µ
]
.
Hence, we have
m2X =
1
4
g2Xv
′2, m2Z′ =
1
4
g2Xv
′2
(1− g′2/g2X)
=
m2X
(1− g′2/g2X)
. (14)
Thus at the mass scale mX , the lepto-quark X
±2/3
µ and the vector boson Z ′µ are
decoupled and they acquire heavy masses that provide an intermediate mass scale,
i.e., the scale between electroweak unification (260) GeV and the Planck mass. The
stringent experimental limits on the LFV decays which occure through the exchange
of the lepto-quark X
±2/3
µ provide lower bounds on the intermediate mass scale mX .
2.2. Effective Lagrangian for Lepton Flavor Violating (LFV)
Decays
From the interaction Lagrangian given in Eq. (6), the lepton flavor violating part is
L(LFV) = gX
2
√
2
[(
ν¯iΓ
µ
Lui + ℓ¯iΓ
µ
Ld
′
i
)
X−2/3µ + h.c
]
. (15)
From above equation (15), the effective Lagrangian relevant for the LFV decays
become
Leff = g
2
X
8m2X
[
ν¯iΓ
µ
Lui + ℓ¯iΓ
µ
Ld
′
i + u¯iΓ
µ
Lνi + d¯
′
iΓ
µ
Lℓi
]×[
u¯jΓµ Lνj + d¯
′
jΓµ Lℓj + ν¯jΓµ Luj + ℓ¯jΓµ Ld
′
j
]
, (16)
which for the case of two charged leptons (ℓ−i ℓ
+
j ) is given by
Leff(ℓ−i ℓ+j ) =
g2X
8m2X
{[ℓ¯iγµ(1− γ5)d′i][d¯′jγµ(1− γ5)ℓj ] + h.c.}
=
GX√
2
{[d¯′jγµ(1− γ5)d′i][ℓiγµ(1 − γ5)ℓj ] + h.c.}, (17)
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where GX√
2
=
g2X
8m2X
. Using
d′i = Vipdp, d
′
j = Vjqdq, (18)
and after Fierez reordering the Lagrangian (17) takes the form
Leff(ℓ−i ℓ+j ) =
GX√
2
VipV
∗
jq{[d¯qγµ(1− γ5)dp][ℓiγµ(1− γ5)ℓj] + h.c.}. (19)
The effective Lagrangian for (ℓ¯i ν¯j) (c.f. Eq. (16)):
Leff(ℓ¯i ν¯j) = GX√
2
Viq{[ℓ¯iγµ(1− γ5)dq ][u¯jγµ(1− γ5)νj ] + h.c.}
=
GX√
2
Viq{[u¯jγµ(1− γ5)dq][ℓ¯iγµ(1− γ5)νj ] + h.c.}. (20)
From Eq. (16), we have
Leff(ν¯i ν¯j) = GX√
2
{[ν¯iγµ(1− γ5)ui][u¯jγµ(1− γ5)νj ] + h.c.} (21)
which after Fierz reordering takes the form
Leff(ν¯i ν¯j) = GX√
2
{[u¯iγµ(1− γ5)ui][ν¯jγµ(1− γ5)νj ] + h.c.} (22)
To proceed further, we consider three possible choices of assignments of leptons
and quarks to the representation (2 , 2¯) of the group SU(3)L × SU(2)X
(i) (1 , 2 , 3)
(
νe u
e d′
)
L
,
(
νµ c
µ s′
)
L
,
(
ντ t
τ b′
)
L
.
(ii) (1 , 3 , 2)
(
νe u
e d′
)
L
,
(
ντ c
τ s′
)
L
,
(
νµ t
µ b′
)
L
,
(ii) (2 , 3 , 1)
(
νµ u
µ d′
)
L
,
(
ντ c
τ s′
)
L
,
(
νe t
e b′
)
L
,
For the assignment (i), the leptonic and semileptonic K decays of interest are
K¯0 → µ−e+ : VcsV ∗ud , K¯0 → e−e+ : VcdV ∗ud, K¯0 → µ−µ+ : VcsV ∗us,
K− → π−µ−e+ : VcsV ∗ud, K− → π−e−e+ : VcdV ∗ud, K− → π−µ−µ+ : VcsV ∗us
,(23)
and of the B-meson are
B¯0s → τ−µ+ : VtbV ∗cs , B¯0 → τ−e+ : VtbV ∗ud , B¯0s → µ−µ+ : VtsV ∗cs ,
B¯0, − → (K0, −)∗µ−τ+ : VtbV ∗cs, B¯0 − → ρ0 −(π0 , π−)τ−e+ : VtbV ∗ud,
B¯0s → φτ−µ+ : VtbV ∗cs, B¯0s → (K¯0)∗τ−e+ : VtbV ∗ud
B¯c → (D−s )∗τ−µ+ : VtbV ∗cs , B¯c → (D−)∗τ−e+ : VtbV ∗ud
.(24)
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For assignment (ii), the Cabbibo allowed decays of interest are
K¯0 → e−e+ : VusV ∗ud , K¯0 → µ−e+ : VtsV ∗ud,
K− → π−e−e+ : VusV ∗ud, K− → π−µ−e+ : VtsV ∗ud, (25)
B¯0s → µ−µ+ : VtbV ∗ts , B¯0s → µ−e+ : VtbV ∗us , B¯0s → µ−τ+ : VtbV ∗cs ,
B¯0 → µ−e+ : VtbV ∗ud , B¯0 → µ−τ+ : VtbV ∗cd (26)
B¯0s → φµ−µ+ : VtbV ∗ts B¯0s → φµ−e+ : VtbV ∗us , B¯0s → φµ−τ+ : VtbV ∗cs ,
B¯0 ,− → (K¯0 ,−)∗µ−µ+ : VtbV ∗ts , B¯0 ,− → (K¯0 ,−)∗µ−e+ : VtbV ∗ud ,
B¯0 ,− → (K¯0 ,−)∗µ−τ+ : VtbV ∗cs , B−c → (D−s )∗µ−e+ : VtbV ∗us ,
B−c → (D−s )∗µ−τ+ : VtbV ∗cs , Λb → Λµ−τ+ : VtbV ∗cs , Λb → Λµ−e+ : VtbV ∗us
(27)
Similarly, for the assignment (iii), interchange µ and e in Eqs. (25, 26) and Eq.
(27).
2.3. Weak decays of K and B mesons into final state two charged
lepton pair (ℓ−i ℓ
+
j )
The lepton flavor violating decays of interest are the weak decays of mesons involving
two charged leptons in the final state i.e.,
• P¯ → ℓ−i ℓ+j , P = K0L , B0 , B0s
From Eq. (19), the branching ratio for P¯ → ℓ−i ℓ+j decays is given by
B(P¯ → ℓ−i ℓ+j ) =
τP
~
(
GX
GF
)2
|VipV ∗jq |2
(
1− m
2
i +m
2
j
m2P
)(
1− (m
2
i −m2j)2
m2P (m
2
i +m
2
j)
)
×
[G2F
8π
f2PmP (m
2
i +m
2
j)
]
, (28)
where τP is the decay time of initial state meson and GF is the Fermi coupling
constant. From above equation, in the limit
m2e
m2µ
<< 1, for the assignment (i) we
have
B(K0L → e±µ∓) =
τK0L
~
(
GX
GF
)2
|Vcs|2|Vud|2
(
1− m
2
µ
m2K
)2
1
2
[G2F
8π
f2Km
2
µmK
]
,(29)
B(K0L → µ−µ+) =
τK0L
~
(
GX
GF
)2
|Vcs|2|Vud|2
(
1− 2m
2
µ
m2K
)2
2
[G2F
8π
f2K2m
2
µmK
]
.(30)
The branching ratio for K− → µ−ν¯µ in the SM can be expressed as
B(K− → µ−ν¯µ) = τK−
~
G2F
8π
|Vus|2f2KmK−m2µ
(
1− m
2
µ
m2K
)2
(31)
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GF 1.16638× 10−5 GeV−2 τK0L 5.116× 10−8 s fK 160 MeV
mK0 497.6 MeV mµ 105.66 MeV Vus ≈ Vcd 0.223
τBs 1.512× 10−12 s mBs 5.367 GeV mτ 1.177 GeV
fBs 227.7 MeV Vts 0.04 C10 4.13
α(mZ) = α 1/128
B(B¯0s → τ−µ+) =
τB¯0s
~
(
GX
GF
)2
|Vcs|2|Vtb|2
(
1− m
2
τ +m
2
µ
m2Bs
)
×
(
1− (m
2
τ −m2µ)2
m2Bs(m
2
τ +m
2
µ)
)[G2F
8π
f2Bs(m
2
τ +m
2
µ)mBs
]
≈ τB0s
~
(
GX
GF
)2
|Vcs|2|Vtb|2
(
1− m
2
τ
m2Bs
)2 [G2F
8π
f2Bsm
2
τmBs
]
.(32)
In Eq. (32), we have ignored the term proportional to
m2µ
m2τ
that is much less than
one. From Eq. (32), the branching ratio for the decay B¯0s → µ−µ+ can be written
as
B(B¯0s → µ−µ+) =
τB¯0s
~
(
GX
GF
)2
|Vcs|2|Vts|2
(
1− 2m
2
µ
m2Bs
)[G2F
8π
f2Bs2m
2
µmBs
]
. (33)
The corresponding branching ratio of Bs → µ−µ+ in the Standard Model is ex-
pressed as
B(B¯0s → µ−µ+) =
τB¯0s
~
|Vts|2|C10|2 1
π
(
1− 2m
2
µ
m2Bs
)[G2F
16π
f2Bsα
2m2µmBs
]
. (34)
Using the values tabulated in Table 1 in Eqs. (29) and (30), we have
B(K0L → e±µ∓) ≈ (27.3)
(
GX
GF
)2
, (35)
B(K0L → µ−µ+) ≈ (10.8)
(
GX
GF
)2
. (36)
The SM value of the branching ratio of B¯0s → µ−µ+ is
B(B¯0s → µ−µ+)SM ≈ 3.26× 10−9, (37)
which gives
B(B¯0s → τ−µ+)
B(B¯0s → µ−µ+)SM
≈
(
GX
GF
)2
(2.64)× 109, (38)
B(B¯0s → τ−µ+) ≈ (8.60)
(
GX
GF
)2
, (39)
B(B¯0 → τ−e+)
B(B¯0s → τ−µ+)
≈ τB
0
d
τB0s
|Vtb|2|Vud|2
|Vtb|2|Vcs|2
fB0mB0
fB0smB0s
≈ 1. (40)
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The most stringent experimental limit on the LFV decay is
B(K0L → e±µ∓) < 4.7× 10−12. (41)
Hence using the bound given in Eq. (41), from Eq. (35) we obtain(
GX
GF
)2
< 1.7×10−13,
(
GX
GF
)
< 4.1×10−7,
(
g
gX
)(
mX
mW
)
> 1.5×103.
(42)
In the symmetry limit g = gX , the lower limit on the mass of leptoquark is 1.5 ×
103mW = 120 TeV which is too high for the experimental observation. Similarly
from Eq. (36, 37) and Eq. (39)
B(K0L → µ−µ+) < 6.7× 10−14,
B(B¯0s → τ−µ+) < 1.5× 10−12,
B(B¯0 → τ−e+) < 1.5× 10−12. (43)
We note that
B(B0 → τ+e−) = B(B¯0 → τ−e+),
B(B0s → τ+µ−) = B(B¯0s → τ−µ+), (44)
B(B0 → τ−e+) = |Vub|
2|Vtd|2
|Vtb|2|Vud|2B(B
0 → τ+e−) << B(B0 → τ+e−),
B(B0s → τ−µ+) =
|Vcb|2|Vts|2
|Vtb|2|Vcd|2B(B
0
s → τ+µ−) << B(B0s → τ+µ−). (45)
The time integrated decay rate due to quantum interference of B0 and B¯0 for the
LFV decays of B0 to lepton pairs is a promising area to test the model based on
the extended electroweak unification group considered in this paper. Writing
Γf (t) =
1
2
e−Γt|Af |2|(1 + cos∆mt), Af¯ = 0,
Γf¯ (t) =
1
2
e−Γt|A¯f¯ |2(1− cos∆mt).
The CP -invariance implies A¯f¯ = Af ,∫∞
0
Γ(B0s → τ−µ+)dt∫∞
0
[Γ(B0s → τ+µ−) + Γ(B0s → τ−µ+)]dt
=
χ2s
2(1 + χ2s)
= χs ≈ 0.5,∫∞
0
Γ(B0 → τ−e+)dt∫∞
0
[Γ(B0 → τ+e−) + Γ(B0 → τ−e+)]dt = χd ≈ 0.19. (46)
Hence for time integrated decay of B0s into lepton pairs, we have
B(B0s → τ−µ+) = B(B0s → τ+µ−), (47)
although B(B0s → τ−µ+) << B(B0s → τ+µ−). Thus for the time integrated decay
of B0s , there are equal pairs of (τ
−µ+) and (τ+µ−).
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For the assignment (ii): Using Eq. (25) along with Eq. (33) and Eq. (39), we
obtain
B(K0L → e±µ∓) ≈ (27.3)
(
GX
GF
)2
|Vts|2, (48)
which gives
(
GX
GF
)2
< 1.1 × 10−10. We will get the same value if we consider the
assignment (iii). For these cases the limit on the mass of lepto-quark is mX ≥
25TeV. This limit will be more refined, once we will have more control on the
experimental observations of flavor violating B decays.
Hence for experimental detection of LFV decays of B mesons, the assignments
(ii) and (iii) are suitable. In assignment (ii), the predicted values of branching ratio
for leptonic B-meson decays given in Eqs. (24) from Eq. (38) and using
(
GX
GF
)2
<
1.1× 10−10 are
B(B¯0s → µ−τ+) < 9.5× 10−10,
B(B¯0 → µ−τ+) < 4.5× 10−11,
B(B¯0 → µ−e+) = 9.5× 10
−10
(1−m2τ/m2B)2
m2µ
m2τ
< 4.3× 10−12.
For the assignment (iii), we just have to interchange µ and e.
2.4. Semi-leptonic flavor violating decays
In this section, we discuss the decays of the type P¯ → (P¯ ′)ℓ−1 ℓ+2 , where ℓ can be e, µ
and τ leptons and P¯ (′) correspond to the pseudo-scalar meson, for the assignments
(ii) and (iii). The T matrix in this case is given by
T = − G√
2
1
(2π)3
√
m1m2
k1 0k2 0
〈P¯ ′(p′)|q¯γλQ|P¯ (p)〉(u¯(k1)γλ(1− γ5)v(k2)), (49)
where G = GFVtb(V
∗
cs, V
∗
us). The matrix element 〈P¯ ′(p′)|q¯γλQ|P¯ (p)〉 can be pa-
rameterized in terms of the form factor f+(t) and f−(t) as
〈P¯ ′(p′)|q¯γλQ|P¯ (p)〉 = 1
(2π)3
1√
4p0p′0
[
f+(t)(p+ p
′)λ + f−(t)(p− p′)λ
]
=
1
(2π)3
1√
4p0p′0
[
f+(t)
(
(p+ p′)λ − m
2
P −m2P ′
t
qλ
)
+f0(t)
m2P −m2P ′
t
qλ
]
, (50)
where
f0(t) = f+(t) +
t
m2P −m2P ′
f−(t), (51)
with q = (p− p′) = (k1 + k2) and t = q2.
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In case of m1 = m2 = mℓ, from Eq. (98), one obtains
dΓ
dt
=
G2
24π3
K
√
1− 4m
2
ℓ
t
[
K2
(
1− m
2
ℓ
t
)
f2+(t) +
3
4
(m2P −m2P ′)2
m2P
m2ℓ
t
f20 (t)
]
. (52)
It has to be noticed from Eq. (94) that t is maximum, when ω is minimum.
The minimum value of ω is mP ′ . Thus, the limits of integration on t becomes,
tmin = 4m
2
ℓ , tmax = m
2
P
(
1− m
2
P ′
m2P
)
. In particular for the decay K− → π−e+e−,
G = GF |VusV ∗ud|, mP , mP ′ and mℓ are the masses of K, π and e, respectively.
In case of B− → K−µ+τ− decay, and working in the limit m2µ/m2τ ≈ 0, the
expression for the differential decay rate becomes (for details see Appendix)
dΓ
dt
=
G2F
24π3
|VtbV ∗cs|2K
(
1− m
2
τ
t
)2 [
K2
(
1 +
m2τ
2t
)
f2+(t) +
3
8
(m2B −m2K)2
m2B
m2τ
t
f20 (t)
]
(53)
and the limits of integration in this particular case are tmin = m
2
τ , tmax =
m2B
(
1− m2K
m2B
)
.
Similarly for the decay B− → K−µ−e+ and working in the limit m2e/m2µ ≈ 0,
in Eq. (53), we have to replace mτ by mµ and |VtbV ∗cs| with |VtbV ∗us|. In case of the
assignment (iii), we just have to interachange µ and e in the final state.
3. Gauge Group:
[
SU(2)L × SU(2)R × U(1)Y ′
1
]
× SU(2)X
The contents corresponding to the gauge group
[
SU(2)L × SU(2)R × U(1)Y ′1
] ×
SU(2)X are the following:
• SU(2)L,R: The triplet of gauge bosons (W±L,R µ, W 0L,R µ) belonging to ad-
joint representation of SU(2)L,R and the corresponding gauge coupling is
g.
• U(1)Y ′1 : B′1 µ, singlet and the coupling constant is g′1.
• SU(2)X : The triplet (X±1/3µ , X0µ) belong to the adjoint representation of
SU(2)X and the corresponding coupling constant is gX .
Leptons and quarks are assigned to the multiplets
Ψ = SU(2)L
y
SU(2)X←−−−−−−−(
νi d
′c
i
ei −u′ci
)
L
y
SU(2)R
(54)
and
Ψ′ = SU(2)L
y
SU(2)X←−−−−−−−(
ui e
c
i
d′ci −N ci
)
L
y
SU(2)R
, (55)
respectively. The charge Q is
Q = I3L + I3R +
Y ′1
2
+ I3X . (56)
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The hyper charge Y ′1 = 0 for leptons and anti-leptons, and Y
′
1 = ±4/3 for quarks and
anti-quarks. The lepto-quark X
±1/3
µ has ∆B = −1, ∆L = −1 but ∆(B − L) = 0.
The Interaction Lagrangian is
Lint = −1
2
[
(ν¯i, ℓ¯i)Lγ
µ(g~τ · ~WLµ)
(
νi
ℓi
)
L
+ (u¯i, d¯
′
i)Lγ
µ
(
g~τ · ~WLµ + 4
3
g′1B
′
µ
)(
ui
d′i
)
L
+(ℓ¯ci , −N ci )Lγµ(g~τ · ~WRµ)
(
ℓci
−N ci
)
L
+ (d¯′ci , −u¯′ci )Lγµ(g~τ · ~WRµ −
4
3
g′1B
′
1µ)
(
d′ci
−uci
)
L
−(ν¯, d¯′)Lγµ(gX(~τ · ~Xµ)†)
(
ν
d′c
)
L
− (ℓ¯, −u¯c)Lγµ(gX(~τ · ~Xµ)†)
(
ℓ
−ui
)
L
−(u¯i, ℓ¯ci )Lγµ(gX(~τ · ~Xµ)†)
(
ui
ℓci
)
L
− (d¯′i, −N¯ ci )Lγµ(gX(~τ · ~Xµ)†)
(
d′i
−N ci
)
L
]
. (57)
In Eq. (57), the charged part is
Lint(Charged) = − 1√
2
[
g
(
J+µL W
+
Lµ + J
+µ
R W
+
Rµ + h.c.
)
− gX
(
(ν¯iγµ(1− γ5)d′ci − e¯iγµ(1 − γ5)u′ci
+u¯iγ
µ(1 − γ5)eci − d¯′ci γµ(1 − γ5)N ci )X−1/3µ + h.c.
)]
, (58)
whereas the neutral one is
Lint(Neutral) = −g sin θWJµemAµ−
g
cos θW
JµZZµ−
g√
1− tan2θW
JµZ′Z
′
µ−gX
1√
1− g21/g2X
JµZ′′Z
′′
µ .
(59)
Here
J+µL = (ν¯iγ
µ(1− γ5)ei + u¯iγµ(1− γ5)d′i) , J+µR =
(
N¯iγ
µ(1 + γ5)ei + u¯iγ
µ(1 + γ5)d
′
i
)
,(60)
Jµem =
(
−e¯iγµei + 2
3
u¯iγ
µui − 1
3
d¯iγ
µdi
)
, (61)
JµZ =
1
4
[ (
ν¯iγ
µ(1− γ5)νi − e¯iγµ(1− γ5)ei + u¯iγµ(1− γ5)ui − d¯iγµ(1− γ5)di
)− 4 sin2 θWJµem,
(62)
JµZ′ =
1
4
[
tan2 θW
(
ν¯iγ
µ(1− γ5)νi − e¯iγµ(1− γ5)ei + u¯iγµ(1− γ5)ui − d¯iγµ(1 − γ5)di − 4Jµem
)
+
(
N¯iγ
µ(1 + γ5)Ni − e¯iγµ(1 + γ5)ei + u¯iγµ(1 + γ5)ui − d¯iγµ(1 + γ5)di
) ]
, (63)
JµZ′′ =
1
4
[
(ν¯iγ
µ(1− γ5)νi + N¯iγµ(1 + γ5)Ni) + 2(e¯iγµei + u¯iγµui + d¯iγµdi)
− g
2
1
g2X
(
ν¯iγ
µ(1− γ5)νi + N¯iγµ(1 + γ5)Ni + 2(−e¯iγµei + u¯iγµui − d¯iγµdi)
−4(−e¯iγµei + 2
3
u¯iγ
µui − 1
3
d¯iγ
µdi)
)]
. (64)
To obtain the interaction Lagrangian for neutral currents in the final form, we have
used the following relations between the neutral vector bosons W 0Lµ,W
0
Rµ, B
′
1µ, X
0
µ
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and the physical vector bosons Aµ, Zµ, Z
′
µ, Z
′′
µ :
gW 0Lµ = eAµ + g cos θWZµ, gW
0
Rµ = eAµ − g
sin2 θW
cos θW
Zµ + g
√
1− tan2 θWZ ′µ,
(65)
g′1B
′
1µ = eAµ − g
sin2 θW
cos θW
Zµ − g tan
2 θW√
1− tan2 θW
Z ′µ + gX
g21
g2X
Z ′′µ√
1− g21
g2X
, (66)
gXX
0
µ = eAµ − g
sin2 θW
cos θW
Zµ − g tan
2 θW√
1− tan2 θW
Z ′µ − gX
√
1− g
2
1
g2X
Z ′′µ , (67)
g′1B
′
1µ − gXX0µ = gX
√√√√ 1
1− g21
g2X
[ g21
g2X
+ (1− g
2
1
g2X
)
]
Z ′′µ = gX
√√√√ 1
1− g21
g2X
Z ′′µ . (68)
The relations between different couplings are
1
e2
=
1
g2
+
1
g′2
,
g′
g
= tan θW ,
1
g′2
=
1
g2
+
1
g21
,
1
g21
=
1
g′21
+
1
g2X
,
g′
g1
=
√
1− tan2 θW ,
g
g′1
=
√
1− g
2
1
g2X
, g21 = g
2 tan
2 θW
1− tan2 θW
. (69)
The gauge group
[
SU(2)L × SU(2)R × U1(1)Y ′1
] × SU(2)X is spontaneously
broken to SU(2)L × SU(2)R × U(1)Y1 by introducing a scalar multiplet Σ, which
belongs to the triplet representation of SU(2)X but singlet of SU(2)L × SU(2)R
with Y ′1 = 2/3. It can be expressed as
Σ = (1, 1, 2/3, 3) =
(
Σ1/3 Σ2/3
Σ0 −Σ1/3
)
=
(
Σ1/3 Σ2/3
1
2 (V +H
0
Σ + ih
0
Σ) −Σ1/3
)
→
(
0 Σ2/3
V+H0Σ
2 0
)
,
〈Σ〉 =
(
0 0
V
2 0
)
. (70)
The scalars Σ±1/3 and h0Σ have been absorbed to give masses to the lepto-quarks
X
±1/3
µ and the neutral vector boson Z ′′µ , respectively.
The mass term is given by
LMass = −1
8
g2XV
2
[
2X1/3µX−1/3µ +
2
g2X
(g′1B
′µ
1 − gXX0µ)(g′1B′1µ − gXX0µ)
]
= −1
8
g2XV
2
[
2X1/3µX−1/3µ + 2
Z ′′µZ ′′µ
1− g21/g2X
]
. (71)
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Hence
m2X =
1
4
g2XV
2, m2Z′′ =
1
4
g2X2V
2
1− g21/g2X
=
2m2X
1− g21/g2X
. (72)
Thus at the mass scale mX the lepto-quark X
±1/3 and the neutral vector boson
Z ′′µ are decoupled and the residual group is the left-right symmetric gauge group
SU(2)L × SU(2)R × U(1)Y that has been extensively studied in the literature.
3.1. Effective Lagrangian for the LFV decays
Using Eq. (58), the effective Lagrangian relevant for the LFV decays is given by
Leff = GX√
2
[
ν¯iγ
µ(1 − γ5)d′ci − ℓ¯iγµ(1− γ5)uci + u¯iγµ(1− γ5)ℓci − d¯′ci γµ(1− γ5)N ci
]×[
d¯′cj γµ(1− γ5)νj − u¯cjγµ(1− γ5)ℓj + ℓ¯cjγµ(1− γ5)uj − N¯ cj γµ(1− γ5)d′j
]
. (73)
From above equation, the (νiνj) part of the Lagrangian is
Leff(νiνj) = GX√
2
[
(ν¯iγ
µ(1 − γ5)d′ci )
(
d¯′cj γµ(1− γ5)νj
) ]
=
GX√
2
[ (
d¯′cj γ
µ(1− γ5)d′ci
)
(ν¯iγµ(1− γ5)νj)
]
= −GX√
2
[ (
d¯′iγ
µ(1 + γ5)d′j
)
(ν¯iγµ(1− γ5)νj)
]
, (74)
and the part corresponding to (ℓiνj) is
Leff(ℓiνj) = −GX√
2
[
(ν¯iγ
µ(1− γ5)d′ci )
(
u¯cjγµ(1 − γ5)ℓj
)
+ h.c.
]
=
GX√
2
[ (
d¯′iγ
µ(1 + γ5)uj
)
(ν¯iγµ(1− γ5)ℓj) + h.c.
]
. (75)
Likewise, the (ℓiℓj) part can be written as
Leff(ℓiℓj) = GX√
2
[ (
ℓ¯iγ
µ(1 − γ5)uci
) (
u¯cjγµ(1− γ5)ℓj
)
+
(
u¯iγ
µ(1− γ5)ℓci
) (
ℓ¯cjγµ(1− γ5)uj
) ]
= −GX√
2
[ (
u¯iγ
µ(1 + γ5)uj
) (
ℓ¯iγµ(1− γ5)ℓj
)
+
(
u¯iγ
µ(1− γ5)uj
) (
ℓ¯iγµ(1 + γ5)ℓj
)
. (76)
The effective Lagrangian, given in Eq. (73), is relevant for the LFV decays
involving two neutrinos in the final state. The decays of special interest are
K− → π−ν¯µνe : VcsV ∗ud; K− → π−ν¯µνν : VcsV ∗us;
K− → π−ν¯eνe : VcdV ∗ud (77)
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and the decays involving the transition of b-quark are
VtbV
∗
cs VtbV
∗
ud
B− → (K−)∗ν¯τνµ, B− → ρ−(π−)ν¯τνe,
B¯0 → (K¯0)∗ν¯τνµ, B¯0 → π0ν¯τνe,
B¯0s → φν¯τνµ, B¯0s → K0ν¯τνe,
B−c → (D−s )∗ν¯τνµ, B−c → D−ν¯τνe,
Λb → Λν¯τνµ, B¯0 → (K¯0)∗ν¯µνµ : VtsVcs. (78)
The effective Lagrangian given in Eq. (75), is relevant for the semileptonic LFV
decays. The corresponding decays of interest are the following:
K− → e−ν¯µ, B− → e−ν¯τ , B−c → µ−ν¯τ , D+ → µ+ν¯e, D+s → µ+ν¯µ,
D+s → µ+ν¯e : Vcd ,K− → π0e−ν¯µ, K¯0 → π+e−ν¯µ, D∗ → π0µ+ν¯e, (79)
D∗s → φµ+ν¯µ, D∗s → K∗0µ+ν¯e : Vcd . B− → D0e−ν¯τ , (80)
B¯0 → D+e−ν¯τ , B¯0s → D+s µ−ν¯τ , B−c → J/ψµ−ν¯τ , (81)
B− → π0e−ν¯τ , B¯0 → π+e−ν¯τ , B¯0s → K+e−ν¯τ , B−c → D¯0e−ν¯τ . (82)
Likewise, Eq. (76) depicts the Lagrangian that is relevant for the LFV decays in-
volving charged leptons. The corresponding decays of interest are
D0 → µ+e−, D0 → π0(ρ0)µ+e−, D+ → π+(ρ+)µ+e−,
D+s → K+µ+e−, B+c → B+µ+e−, t→ c(u)τ+µ−(e−). (83)
For the case of the gauge group discussed here, the experimental limits on the
LFV decays are not very stringent. The experimental value of the branching ratio
for the decay K− → π−ν¯ν is 9
B(K− → π−ν¯ν) = 1.73+1.15−1.05 × 10−10. (84)
The standard model gives 10
B(K− → π−ν¯ν) = (8.4± 1.0)× 10−11. (85)
From Eq. (77), we have
B(K− → π−ν¯µνµ) = B(K− → π−ν¯eνe)
=
(
GX
GF
)2
2B(K− → π0e−ν¯e) = 0.1
(
GX
GF
)2
, (86)
B(K− → π−ν¯eνµ) = B(K− → π−νeν¯µ)
=
(
GX
GF
)2
2
|Vus|2B(K
− → π0e−ν¯e)
≈ (2.0)×
(
GX
GF
)2
. (87)
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By using the experimental value of
B(K− → π0e−ν¯e) = (5.07± 0.04)× 10−2, (88)
we get (
GX
GF
)2
≤ (0.85± 0.55)× 10−10. (89)
The other most promising decays that involve the D meson are
D0 → π0µ+e−, D+ → π+µ+e−, D+s → K+µ+e−. (90)
For these decays in the limit m2e/m
2
µ ≈ 0, the differential decay rate becomes
dΓ
dt
=
G2F
24π3
K(1− m
2
µ
t
)
[
K2
(
1 +
m2µ
2t
)
f2+(t) +
3
8
(m2P −m2P ′)2
m2P
m2µ
t
f20 (t)
]
, (91)
where mP can be mD0 , mD+ or mD+s and mP ′ can be mπ0 , mπ+ and mK+ . The
parameters K and t are defined in Eq. (94) and Eq. (95).
The corresponding semi-leptonic decays in the SM are
D0 → π−µ+νµ, D+ → π0µ+νµ, D+s → K0µ+νµ. (92)
The experimental values of the branching ratios are
B (D0 → π−µ+νµ) = (2.37± 0.24)× 10−3.
Similarly, the experimental branching ratios for the decay modes involving electron
and corresponding neutrino are
B (D+ → π0e+νe) = (4.05± 0.18)× 10−3,
B (D+s → K0e+νe) = (3.9± 0.9)× 10−3.
(93)
4. Summary
The LFV decays are strictly forbidden in the Standard Model. We propose the gauge
group G = SU(2)L×U(1)Y1 ×SU(2)X beyond the SM. It provides a framework to
derive the effective Hamiltonian for the LFV decays of K and B meson to lepton
pairs. The effective coupling constant GX√
2
=
g2X
8m2X
, where mX is the mass of lepto-
quark boson X
±2/3
µ corresponding to gauge group SU(2)X and it gives the mass
scale at which the group G is broken to SU(2)L × UY (1). The lepto-quark X±2/3µ
carry the baryon and lepton numbers, ∆B = 1 and ∆L = −1, respectively with
∆(B + L) = 0. The upper bound on the GXGF is derived from the most stringent
experimental limit on B(K0L → µ∓e±) < 4.7 × 10−12. Three cases of paring three
generations of leptons and quarks (i) : (1, 2, 3), (ii) : (1, 3, 2) and (iii) : (2, 3, 1)
in the representation (2, 2¯) of SU(2)L × SUX(2) are analyzed. For the assignment
(i), the upper bound is derived as (GXGF )
2 < 1.7×10−13; while for the assignment (ii)
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and (iii), the bound is (GXGF )
2 < 1.1 × 10−10. For the experimental observation of
the LFV decays of K and B mesons, the assignment (ii) or (iii) is more suitable. In
particular for the assignment (ii), B(B¯0s → µ−τ+) < 9.5×10−10, which is promising
decay to test our model. In order to get the results for assignment (iii) one has to
interchange µ with e.
The decay width for B− → K−µ−τ+ is given in Eq. (53) and for B− →
K−µ−e+, in the approximation m2e/m
2
µ ≈ 0 and in limit m2µ/m2B << 1, the differ-
ential decay rate involves only one form factor (f+(t)). This make it the potential
candidate for the experimental detection of the LFV decays. For the assignment
(iii) the promising decay channel is B− → K−e−µ+.
In the second part of this paper, the effective Lagrangian for the LFV decays in
the gauge group
[
SU(2)L × SU(2)R × U(1)Y ′1
]× SU(2)X is derived. In this model,
the lepto-quark boson X
±1/3
µ carry the baryon and lepton number ∆B = −1 and
∆L = −1 with ∆(B − L) = 0. The important decays of K and B mesons in this
model are depicted in Eqs. (77) and (83) along with the B-meson decays B− →
(K−)∗ν¯τ ν¯µ, B¯0s → φν¯τ ν¯µ, B−c → (D−s )∗ν¯τ ν¯µ and the top-quark decay t → cτ+µ−.
From the experimental value of the B(K− → π−νν¯) = (1.7± 1.1)× 10−10, one gets(
GX
GF
)2
< 10−10. It is hoped that the observation of LFV decays at the LHCb and
super B-factories will help us to get constraints on the parameters of the extanded
gauge group models that are presented in this work.
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Appendix
In the rest frame of decaying particle P¯ for the decay P¯ → (P¯ ′)ℓ+ℓ−, we can write
mP = ω + E1 + E2,
t = m2P −m2P ′ − 2ωmP = m21 +m22 + 2k1 · k2. (94)
In above Eq. (94), ω is the energy of final state meson P¯ ′ and E1 and E2 are the
energies of the lepton ℓ1 and ℓ2, respectively. In order to obtain the expression of
the differential decay rate, following relations are useful
K2 =
(
m2P −m2P ′ − t
)2 − 4tm2P ′
2mP
=
(
m2P −m2P ′ + t
)2 − 4tm2P
2mP
,
E1 + E2 = mP − ω = (m
2
P −m2P ′) + t
2mP
=
√
K2 + t, (95)
where K = |~p′|.
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It is convenient to introduce a four-vector
Pλ = (p+ p′)λ − m
2
P −m2P ′
t
qλ
= 2
(
pλ − mP
t
(E1 + E2)q
λ
)
. (96)
From above equations, the expression for double diffential decay rate becomes
d2Γ
dE1dt
=
2G2
(2π)3
1
8m2P
[
f2+(t)A + f
2
0 (t)B
]
, (97)
where
A = 2(P · k1)(P · k2)− (k1 · k2)P 2,
B =
m2P −m2P ′
t
[
2(q · k1)(q · k2)− (k1 · k2)q2
]
. (98)
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